1) Background: The pyramid scheme has caused a large-scale plunder of finances due to the unsustainability of its operating model, which seriously jeopardizes economic development and seriously affects social stability. In various types of networks, the finance flow network plays an extremely important role in the pyramid scheme organization. Through the study of the finance network, the operational nature of pyramid scheme organizations can be effectively explored, and the understanding of pyramid scheme organizations can be deepened to provide a basis for dealing with them.
Introduction
A pyramid scheme generally refers to the business model that recruits members via a promise of payments or services for enrolling others into the scheme, rather than supplying investments or sales of products. There are some differences in the concept of pyramid selling between China and other countries. In accordance with the Regulations on Prohibiting Pyramid Marketing promulgated by the Chinese Government in 2005, a pyramid scheme refers to the behavior where organizers obtain illegal benefits, disrupt economic order, and affect social stability by calculating and paying remuneration for the number of personnel or sales performance directly or indirectly developed by the developer, or requiring the developer to qualify for membership on the condition of paying a certain fee. From the above definition, it can be seen that the definition of the pyramid scheme in China is more general than the internationally accepted definition of the pyramid scheme, which includes legitimate multi-level direct selling activities abroad. In fact, the operation mode of the "5.03" pyramid scheme organization in this paper conforms to the above two definitions.
Recently, with the development of social economy, the spread of pyramid schemes around the world has gradually accelerated and is becoming more and more destructive, endangering the economy of many countries and bringing great harm to the social order, some pyramid scheme organizations even showing violent characteristics [1] [2] [3] [4] . With the development of Internet technology, network 2  A2  25  A1  89  A1  3  A1  37  A1  135  A1  5  A1  41  A1  136  A1  7  A1  44  A1  137  A1  10  A1  59  A1  17 A1 75 A1
Note: A1 and A2 represent different levels, and A2 has higher levels. In this paper, the No. 2 node (A2 level) represents the key players in the network.
We used manual methods to process relevant data and obtained 163 financial relationship data between 177 organizational members who come from 4 communities and are divided into 5 levels.
Since the finance flow is directional and there is a difference in quantity, the finance flow network is directed and weighted. The weight value of the finance flow represents the number of shares and the actual amount of finance flow is the weight value × 3800 yuan.
Descriptive Statistical Analysis
There are a lot of effective measures in social network analysis that can be used to describe the finance flow network from multiple perspectives. Some typical measures are shown in Table 2 . Table 2 . Social network analysis measures.
Measure Definition

Density
The density is the ratio of the actual number of connections between network members to the number of connections that may exist in the network [24] . It can represent the tightness of connections between nodes.
Average Distance
The average distance is the ratio of the sum of the distances between all nodes in the network to the number of node pairs that are linked in the network [25] . It is used to describe the extent of the network hierarchy.
Connectivity
The connectivity refers to the degree of reachability between any node in the network [26] . It is used to measure the flexibility of the network.
Transitivity
The transitivity refers to the ratio of the number of observed triangles in the network to the number of triangles in theory [27] . It is used to describe the degree of intimacy of regional members.
Degree Centralization
The degree centralization of a network is the variation in the degrees of vertices divided by the maximum degree, which is possible in the network of the same size [26] . It is used to describe the closeness of the graph around a certain core node.
Motifs Analysis
Unlike the above global analysis, the motif can analyze the network from the micro-level. As a typical, local, and functionalized frequent subgraph, motifs can represent local information of the network and have strong statistical significance [28, 29] .
At present, motif analysis has been widely used in financial research. Squartini et al. applied the motif analysis to study the structure of the world trade network, described the structural characteristics of the 13 three-node motifs, and explained the important role of these motifs in the network [30] . Song Ningning et al. applied the motif analysis to study the structure of the stock trading network and obtained its statistical characteristics [31] .
In this paper, motif analysis is used to explore the microstructural features of the interpersonal network to explore the micro-operational model of the finance flow network.
According to the basic principles of motif analysis given by Milo [28] , we have:
where N obsi is the number of occurrences of the subgraph in the observed network, < N randi > is the expected number of times the subgraph is in the random network, and std(σ randi ) is the standard deviation. Two aspects are considered when evaluating the motif: (1) The frequency of the motif appearing in the random network is less than a certain threshold P. It is generally considered that the P value should be less than 0.01. (2) The number of motifs in the observation network is greater than a certain threshold K. The K value takes different values due to the consideration of the researchers. It is generally considered that the K value should be greater than 3. When the above conditions are satisfied, the higher the Z value, the more significant the motif.
ERGMs Analysis
The exponential random graph model (ERGM) is a classic model in social network analysis and is used to explore important factors in the formation of financial flow networks. It can explain the relevant factors of various relationships in the network [32, 33] and interpret statistical items in a way similar to the traditional regression model [34, 35] . The ERGMs explore the network formation mechanism by explicitly modeling various configurations that may affect network formation.
The general form of ERGMs is:
where k is a constant to ensure that the probability is between 0 and 1 and that the sum of probabilities is 1. η A is the coefficient of network configuration statistics and g A (y) represents various network configurations. The essence of the ERGMs is the composition of various configurations when finding the maximum of formula (2) . The essence of the ERGMs is to find the probability of being closest to the observed network y from the set of random networks Y of the same density. The magnitude of this probability depends on various network configurations, which refer to a certain structural pattern that may appear in the network, such as edge, triangle structure, star structure, and so on. The ERGMs set the probability of occurrence of the observed network as the dependent variable and set configurations as independent variables. The task of the ERGMs is to find the combination of the various configurations when (2) reaches the maximum.
In this study, the ERGMs include three attribute configurations: Community, level, and prosecution information. These attribute configurations are used to explore the rules of establishing connections between different levels, different communities, and the prosecuted pyramid scheme personnel. The model also includes infrastructure configurations that characterize other connections in the network, which are used to study the interrelationships among various factors that influence the occurrence of network relationships in the finance flow network.
Results
Visualization and Statistical Analysis of the Finance Flow Network
Gephi is a classic software for network visualization [36] and was used to visualize the Finance network in this paper. R has a unique advantage in structural analysis of the network, and the famous statnet package [37] and igraph package [38] were applied to analyze the concepts of the finance flow network.
To the best of our knowledge, this is currently the most comprehensive visualization of the pyramid scheme finance flow network. As can be seen from Figure 1 , the finance flow network presents a strict hierarchical structure, with finances flowing from the bottom (edge) of the network to the center. There is no closed circuit in the finance flow network. The personnel who are transferred to the prosecution are located on the main road of the finance flow. The node No. 2, which is the highest level of the network, is in the center of the network, and all finance flows to the No. 2 node. The finance flow network presents a hierarchical structure. All nodes at the A1 level, except for node 44, are all on the main path of finance flow. Most of the people who were transferred to the prosecution were above the A1 level, except for the 44th node. Moreover, nodes with low levels are at the edge of the network, and nodes with high levels are close to the core of the network, which may indicate that the level is related to the distance from the central node. Through analysis, it can be concluded that the finance flow network has a strict hierarchical relationship, the finance flow is very uniform and concentrated, and the position of personnel being sued is related to their position in the finance flow network.
statnet package [37] and igraph package [38] were applied to analyze the concepts of the finance flow network.
To facilitate the analysis, we constructed a random network with the same number of nodes and density as the finance flow network and explored the statistical characteristics of the finance flow network by comparing the degree distributions of the two networks. To facilitate the analysis, we constructed a random network with the same number of nodes and density as the finance flow network and explored the statistical characteristics of the finance flow network by comparing the degree distributions of the two networks.
It can be seen from Figure 2 that the indegree distribution and outdegree distribution of the finance flow network are different from the random network. In terms of the indegree, the indegree distribution of the finance flow network is similar to the long tail distribution, that is to say, the finance flow network has some nodes with large indegree, while the node distribution of the random network is relatively linear and there is no node with large indegree. In terms of outdegree, there is also an obvious difference. All the outdegree of the finance flow network is 1, and the outdegree distribution of the random network is also linear.
finance flow network are different from the random network. In terms of the indegree, the indegree distribution of the finance flow network is similar to the long tail distribution, that is to say, the finance flow network has some nodes with large indegree, while the node distribution of the random network is relatively linear and there is no node with large indegree. In terms of outdegree, there is also an obvious difference. All the outdegree of the finance flow network is 1, and the outdegree distribution of the random network is also linear. According to Section 2.2, the relevant indicators are calculated and the results are presented in Table 3 . As shown in Table 3 , the density of the finance flow network is 0.006, indicating that the finance flow network is sparse, which reflects that finance flows are infrequent, and the finance relationship only covers part of the relationship in the organization. The average distance value is 4.468, which means the network is hierarchical. The connectivity is 0.964, indicating that the financial flow network has strong connectivity, that the financial relationship covers a wide range, and the flow of finance is very smooth. The transitivity of the finance flow network is 0.039, which indicates that the "5.03" pyramid scheme network finance flow network is concealed and it is not easy to explore the entire outline of the finance flow network. The degree centralization of the finance flow network is 0.006, indicating that the degree distribution of the entire network is relatively uniform, and there is no complicated financial relationship in the network.
Motif Analysis Results
Currently, there are a variety of methods and software for network motif analysis [39] . For convenience, FANMOD will be used to detect and analyze network motifs [40] . According to Section 2.2, the relevant indicators are calculated and the results are presented in Table 3 . As shown in Table 3 , the density of the finance flow network is 0.006, indicating that the finance flow network is sparse, which reflects that finance flows are infrequent, and the finance relationship only covers part of the relationship in the organization. The average distance value is 4.468, which means the network is hierarchical. The connectivity is 0.964, indicating that the financial flow network has strong connectivity, that the financial relationship covers a wide range, and the flow of finance is very smooth. The transitivity of the finance flow network is 0.039, which indicates that the "5.03" pyramid scheme network finance flow network is concealed and it is not easy to explore the entire outline of the finance flow network. The degree centralization of the finance flow network is 0.006, indicating that the degree distribution of the entire network is relatively uniform, and there is no complicated financial relationship in the network.
Currently, there are a variety of methods and software for network motif analysis [39] . For convenience, FANMOD will be used to detect and analyze network motifs [40] .
As shown in Table 4 , in the 3-node motifs, the No. 12 motif shows the path characteristics of the finance flow network, and that most of the finances are finally delivered to the final person. The motif of No. 2116 shows the characteristics of the finance aggregation transfer. The motif of No. 2184 shows the convergence characteristics of the finances. The motif of No. 218401 phantom shows the role of the indicted person as a finance collector in the finance flow network. The motif of No. 211601 modal shows that the indicted person is at the end of the finance flow, indicating that the prosecutor is the destination of the finances in the "5.03" organization. In the 5-node motifs, it also shows a similar pattern of finance flow to the 3-node motifs and the 4-node motifs, and the role of the indicted persons in the finance flow network was generally the same. It is worth mentioning that the financial flow network does not show any closed features and presents a pyramidal (multi-forked tree) structure, which verifies the relevant research conclusions. Note: Frequency refers to the frequency at which the motif appears in the actual network. The green node in the table indicates that the person was transferred to the prosecution. For the comprehensiveness of the analysis, the table also contains the results of the motif analysis containing the information of the prosecutor and the results without the information (first three columns). Note: Frequency refers to the frequency at which the motif appears in the actual network. The green node in the table indicates that the person was transferred to the prosecution. For the comprehensiveness of the analysis, the table also contains the results of the motif analysis containing the information of the prosecutor and the results without the information (first three columns). Note: Frequency refers to the frequency at which the motif appears in the actual network. The green node in the table indicates that the person was transferred to the prosecution. For the comprehensiveness of the analysis, the table also contains the results of the motif analysis containing the information of the prosecutor and the results without the information (first three columns). Note: Frequency refers to the frequency at which the motif appears in the actual network. The green node in the table indicates that the person was transferred to the prosecution. For the comprehensiveness of the analysis, the table also contains the results of the motif analysis containing the information of the prosecutor and the results without the information (first three columns). Note: Frequency refers to the frequency at which the motif appears in the actual network. The green node in the table indicates that the person was transferred to the prosecution. For the comprehensiveness of the analysis, the table also contains the results of the motif analysis containing the information of the prosecutor and the results without the information (first three columns). Note: Frequency refers to the frequency at which the motif appears in the actual network. The green node in the table indicates that the person was transferred to the prosecution. For the comprehensiveness of the analysis, the table also contains the results of the motif analysis containing the information of the prosecutor and the results without the information (first three columns). Note: Frequency refers to the frequency at which the motif appears in the actual network. The green node in the table indicates that the person was transferred to the prosecution. For the comprehensiveness of the analysis, the table also contains the results of the motif analysis containing the information of the prosecutor and the results without the information (first three columns). Note: Frequency refers to the frequency at which the motif appears in the actual network. The green node in the table indicates that the person was transferred to the prosecution. For the comprehensiveness of the analysis, the table also contains the results of the motif analysis containing the information of the prosecutor and the results without the information (first three columns). Note: Frequency refers to the frequency at which the motif appears in the actual network. The green node in the table indicates that the person was transferred to the prosecution. For the comprehensiveness of the analysis, the table also contains the results of the motif analysis containing the information of the prosecutor and the results without the information (first three columns). In summary, there are at least three structural meanings of the motifs. First, almost all of the motifs in the table reflect a structure similar to a multi-fork tree. Therefore, the finance flow network can be considered as a multi-fork tree structure and has a strong hierarchy. Second, there is no cross-community link in the finance flow network, which shows that the finance flow network may be the main reason for community establishment and development. Third, the people who were transferred to prosecution acted as a bridge or core role in the finance flow network and played an Sustainability 2019, 11, 4370 9 of 12 important role in the network. The reason why these people were sued may be related to their position in the finance flow network.
Exponential Random Graph Models Analysis Results
PNET is a classic software for exponential random graph model analysis of networks [41] . It can flexibly set various configurations, and the results are accurate and fast. This section will use PNET to model and analyze the finance flow network. This paper synthetically considers the purely structural effects and attribute effect on network formation. The attributes of nodes contain prosecuted information, community, and personal levels.
As can be seen from Table 5 , most of the t values are below 0.1, and many t values show significations, so the model can be considered a reasonable and convergent model. Specifically, regarding the purely structural effects, the coefficient of reciprocity indicates that there is no two-way finance flow exchange in the finance flow network. The coefficient of 2-in-star (2.039363 *) indicates that the aggregation of finance flow is significant, and the coefficient of 2-path (0.27058 *) indicates that the transferability of finances is obvious. The coefficient of AinS (1.967811 *) indicates that the aggregation of the network is obvious. The coefficient of Ain1out-star (4.277531 *) indicates that the finance flow in the network operates in a mode of aggregation transfer. In the actor-relation effects, the indicted person's sender effect (−0.482213) is negative and not significant, and the receiver effect (0.805792 *) shows a significant positive effect, indicating that the indicted person is the destination of the finance flow. The coefficient of the interaction (1.292391 *) indicates that the indicted persons are prone to establishing financial relationships with each other, which may explain why they are prosecuted together. The results of the categorical variables fitting show that people in the same community are prone to establishing financial relationships with each other, while it is difficult to establish financial relations within the same level. 
Conclusions and Discussion
This study used the motif analysis and the ERGMs in social network analysis to analyze the global characteristics of the finance flow relationship network and obtained the microstructural characteristics of the finance flow network and relationships between various factors that affect the formation of the financial flow network.
The research conclusions are as follows: (1) The financial flow network is a sparse network and the financial flows in the organization are not frequent or complicated. (2) The financial flow networks have strong connectivity and the financial relationships cover a wide range. (3) The financial flow network is hidden, and it is not easy to explore the overall outline of the financial flow network. (4) The hierarchical structure of the "5.03" pyramid scheme finance flow network is obvious, and there is no cross-community finance flow. (5) The highest level of personnel is at the center of the network and is the end of the flow of finances. The indicted persons are located on the main road of the flow of finances and occupy critical positions. They play a bridge or a core role, which may explain why these people are being sued. (6) The finance flow network presents a pyramid structure. The finances flow from the bottom (edge) of the network to the center. There is no horizontal flow and there is no closed circuit. (7) The network of financial relationships has strong homogeneity. People are more likely to establish financial relationships with people in the same community, and those people who were prosecuted are more likely to establish financial relationships with each other too.
The above conclusions illustrate the finance flow network of the "5.03" pyramid scheme organization from different angles, which is of great significance. The characteristics of the network reflect the hierarchical management, covert operation, aggregated operation, closed transactions, and upper-ranking by shares of the "5.03" pyramid scheme organization, and also reflect the importance, vulnerability, and destructiveness of the finance flow network. These characteristics can help to arouse the vigilance of government departments and improve their coping ability. For example, government departments can use strong connectivity characteristics to carry out detection work. In other words, government departments can excavate the whole organization as long as they find a member in the finance flow network. Government departments can also use the clear and significant characteristics of the finance flow in the network to monitor the organization's funds. These kinds of people and organizations with large inflows of funds, but without clear business support, are easier to be excavated.
In summary, this study expands the comprehension of the pyramid scheme, especially the comprehension of the sustainable development model of the pyramid scheme. However, although the research subject of this paper is a typical South Pyramid Scheme organization and the research framework is objective, there are still some limitations in this work. This paper only studies the structural characteristics of financial flow networks in a specific pyramid scheme organization. The structural characteristics of other types of pyramid scheme organizations are still unclear. In addition, the conclusion of this paper is based on static cross-sectional data, and the structural characteristics of the finance flow network with time series also need to be excavated. 
